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A B S T R A C T   

In cases of COVID-19 acute respiratory distress syndrome, an excessive host inflammatory response has been reported, 
with elevated serum interleukin-6 levels. In this multicenter retrospective cohort study we included adult patients with 
COVID-19, need of respiratory support, and elevated C-reactive protein who received intravenous tocilizumab in ad-
dition to standard of care. Control patients not receiving tocilizumab were matched for sex, age and respiratory support. 
We selected survival as the primary endpoint, along with need for invasive ventilation, thrombosis, hemorrhage, and 
infections as secondary endpoints at 30 days. We included 64 patients with COVID-19 in the tocilizumab group and 64 
matched controls. At baseline the tocilizumab group had longer symptom duration (13 ± 5 vs. 9 ± 5 days) and received 
hydroxychloroquine more often than controls (100% vs. 81%). The mortality rate was similar between groups (27% with 
tocilizumab vs. 38%) and at multivariable analysis risk of death was not significantly influenced by tocilizumab (hazard 
ratio 0.61, 95% confidence interval 0.33–1.15), while being associated with the use at baseline of non invasive me-
chanical or invasive ventilation, and the presence of comorbidities. Among secondary outcomes, tocilizumab was as-
sociated with a lower probability of requiring invasive ventilation (hazard ratio 0.36, 95% confidence interval 0.16–0.83; 
P = 0.017) but not with the risk of thrombosis, bleeding, or infections. The use of intravenous tocilizumab was not 
associated with changes in 30-day mortality in patients with COVID-19 severe respiratory impairment. Among the 
secondary outcomes there was less use of invasive ventilation in the tocilizumab group.   
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1. Introduction 

As of May 10th, 2020 over 4 million cases of SARS-coronavirus-2 
disease (COVID-19) have been reported worldwide with variable mor-
tality rates and 218.000 cases in Italy, one of the most impacted 
Countries [1]. Current treatments proposed for COVID-19 are merely 
supportive as the main cause of death is the development of severe 
acute respiratory distress syndrome (ARDS) [2] with biochemical fea-
tures resembling macrophage activation syndrome. These include the 
progressive increase in C reactive protein, ferritin, and D-dimer levels 
with reduced lymphocyte count [3]. Furthermore, increased levels of 
inflammatory cytokines, such as IL-1β, IL-6, GM-CSF, and TNF-α have 
been reported in the peripheral blood of hospitalized patients with 
COVID-19, with higher levels in those admitted to Intensive Care Units 
and an association between IL-6 levels and the probability of survival 
[4,5], as confirmed by a recent meta-analysis [6]. Previous reports 
suggested a beneficial effect of tocilizumab (TCZ), a humanized 
monoclonal antibody directed at the IL-6 receptor, in COVID-19 [7–10]. 
Similarly, proposed agents to treat COVID-19 include glucocorticoids 
[11], hydroxychloroquine [12], anakinra [13,14], baricitinib [15], and 
direct antivirals [16], with negative or inconclusive results reported to 
date largely from uncontrolled studies. 

We report herein data from our retrospective study of death and 
other 30-day clinical outcomes in 128 patients treated for COVID-19- 
related ARDS and hyperinflammation with or without intravenous to-
cilizumab. 

2. Methods 

2.1. Setting 

We conducted this study in two affiliated general hospitals in the 
Lombardy region of Northern Italy; these hospitals are located in two of 
the highest-impact cities (Milan and Bergamo) in Northern Italy, where 
COVID-19 was most incident. In both cases, hospitals were completely 
transformed over a two-week period, and wards fully dedicated to the 
care of patients with COVID-19 pneumonia [17]. Between February 
23rd and May 9th, 2020, the two hospitals admitted over 2000 patients 
with such infection. In both hospitals, local recommendations were is-
sued and updated regularly by a dedicated clinical and scientific com-
mittee. According to such recommendations, (i) all admitted patients 
were treated with subcutaneous enoxaparin at prophylactic dosage, (ii) 
direct antivirals including first lopinavir 400 mg + ritonavir 100 mg 
twice daily and subsequently, when this became unavailable, darunavir 
800 mg + cobicistat 150 mg once a day were used in patients without 
contraindications, (iii) hydroxychloroquine 200 mg twice a day was 
used in all patients who could take oral treatments and had no con-
traindications (i.e. prolonged QT interval, retinopathies, advanced 
renal failure, known hypersensitivity). The same committee provided 
the criteria that candidates had to fulfill to be eligible for tocilizumab: 
(i) clinical worsening in the previous 24 h with increasing need for 
oxygen or ventilatory support, (ii) absence of clinical or biochemical 
signs of an active bacterial infection, (iii) elevated C reactive protein, 
(iv) a higher risk for mortality at blood tests, based on the odds ratios 
reported elsewhere [18] and including lymphocyte count, ferritin, 
creatine kinase, alanine aminotransferase, and D-dimer. Late intubation 
(over 24 h) was considered an exclusion criterion. The process of 
eligibility evaluation lasted a maximum of 2 days. Of major relevance 
for the design of this study, not all patients fulfilling these criteria could 
be treated based on the insufficient availability of the drug during the 
weeks of highest demand. 

2.2. Data sources 

Demographic, clinical, imaging, and laboratory data were obtained 
from the Humanitas clinical data warehouse which includes the 

information available on all inpatient admitted at Istituto Clinico 
Humanitas (Rozzano, Milan) or Cliniche Humanitas Gavazzeni 
(Bergamo). The extracted data included the patient demographic de-
tails, hourly vital signs, laboratory test results, medication administra-
tion dose and frequency, oxygen support needed, and outcome. The 
presence of comorbidities was manually abstracted from the electronic 
medical record or charts. 

For each of the 64 patients treated with tocilizumab an extraction 
based on age, sex, and enrolling center led to 2–5 potential controls 
which had a proven COVID-19 pneumonia and were subsequently 
matched according to the respiratory support, as well as the presence or 
absence of exclusion criteria. To allow a uniform matching for all to-
cilizumab-treated patients, a 1:1 control:case ratio was ultimately 
chosen leading to the identification of 64 patients in the control group. 
As mentioned, these patients would have also been treated with toci-
lizumab if the drug had been widely available. 

2.3. Variables assessed 

Using the approach described above, we obtained for each patient at 
the time of tocilizumab administration or control matching: age, sex, 
daily recorded vital signs, the daily partial pressure of arterial oxygen to 
the fraction of inspired oxygen (PaO2:FiO2), estimated with the use of 
methods described elsewhere [19,20], required oxygen support which 
was grouped into low-medium flows (nasal canulae and facial masks 
with or without reservoir), high flows (non-invasive mechanical ven-
tilation - NIMV) and invasive ventilation in the ICU, body mass index 
and smoking status, past and current diagnoses that were evaluated 
singularly and grouped into the Charlson comorbidity index [21], and 
laboratory tests. 

2.4. Exposure to tocilizumab and other treatments 

After providing written informed consent for the off-label use of 
tocilizumab, patients in the tocilizumab group received one intravenous 
infusion of 8 mg/kg tocilizumab, followed by a second dose 24 h later if 
no clinical worsening had occurred between infusions; 61/64 (95%) 
patients in the tocilizumab group received 2 infusions. The patients 
treated with tocilizumab were also included in the comparator arm of a 
National trial (ClinicalTrials.gov Identifier: NCT04317092), as for other 
previously reported series [8,9]. Other medications included hydroxy-
chloroquine, direct antivirals (lopinavir and ritonavir, darunavir and 
cobicistat), antibiotics (ceftriaxone, azithromycin, piperacillin and ta-
zobactam), glucocorticoids (IV methylprednisolone 1–2 mg/kg/day), 
prophylactic enoxaparin were used based on the internal guidelines. 

2.5. Endpoints 

The primary endpoint of the study was to compare mortality rates 
between the tocilizumab and control groups. Secondary endpoints in-
cluded differences between groups in the incidence of invasive venti-
lation (only for patients who were not already being invasively venti-
lated at baseline), thromboembolic events (including pulmonary 
embolism and deep vein thrombosis), hemorrhagic events (defined as 
bleeding with the need for a therapeutic or diagnostic measure), and 
bacterial or fungal infection (defined as clinical evidence or serum 
procalcitonin >1 ng/ml). 

2.6. Statistical analysis 

Descriptive statistics included categorical variables reported as 
number (percentage) and continuous variables as mean (standard de-
viation). For missing data, we used listwise deletion for univariable and 
multivariable analysis. Chi-square test and Mann-Whitney test were 
used accordingly to the type of variable. We used time-to-event (sur-
vival) methods for censored observations to identify risk factors 
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associated with different outcomes. Time of exposure was defined as 
time from first day of tocilizumab infusion (for treatment group) or first 
day of clinical worsening (for control group) to the day of event. For the 
primary outcome, the event was death; for secondary outcome, the 
events were intubation, thrombosis, clinically relevant bleeding, bac-
terial or fungal infection. The only cause of right censoring was the 
transfer to a different hospital; in case of discharge from hospital due to 
clinical recovery, we implied no more events for the remaining time of 
exposure. 

Kaplan–Meier estimates were used to draw the cumulative in-
cidence curves, compared by log-rank tests. Furthermore, we utilized 
the univariable and multivariable Cox proportional hazard model of 
relevant prognostic factors for the primary outcome. 

For multivariable survival analysis, variables were selected if the 
rate of missing values was very low (<5%) and proved significant in 
the univariable Cox analysis (P value < 0.1). After fitting the model, 
the PH assumption was examined on the basis of Schoenfeld residuals. 
Hazard ratios (HR) were presented with the 95% confidence intervals 
(CI) and respective P values. Adverse events were analyzed by treat-
ment group and in survival analysis. P values lower than 0.05 were 
considered statistically significant; data were analyzed with STATA 
version 16.0 (StataCorp LLC, College Station, TX). 

3. Results 

3.1. Characteristics of the cohort 

Between March 15 and April 22, 2020, 64 patients were treated 
with tocilizumab at the two participating hospitals (52 at Humanitas 
Gavazzeni Bergamo and 12 at Humanitas Milan). For each patient in 
the tocilizumab group, one patient was extracted from the data ware-
house of the same hospital to compose the control group of 64 patients 
(52 at Humanitas Gavazzeni Bergamo and 12 at Humanitas Milan).  
Table 1 and Table 2 illustrate the clinical and laboratory features of the 
total study population and the tocilizumab and control groups. Of note, 
patients in the tocilizumab group reported a longer duration of symp-
toms at the time of infusion compared to controls at the time of 
matching (13 ± 5 vs. 9 ± 5 days, P < 0.001). Other clinically relevant 
differences, albeit not statistically significant, included the Charlson 
comorbidity index (2.2 ± 1.4 vs. 2.7 ± 1.7, P = 0.176) and the 
markedly reduced PaO2:FiO2 (104 ± 76 vs. 85 ± 54 in the control 
group, P = 0.057). The majority of patients in the study groups re-
ceived hydroxychloroquine as indicated by the local recommendations 
and this was more frequent in the tocilizumab group (100% vs. 81% in 
the control group; P < 0.001). No differences were observed between 
groups in the use of glucocorticoids, direct antivirals or antibiotics. 

Hemoglobin was significantly lower in the tocilizumab group, but 
mean values remained above 12 g/dl in both groups; platelet and 
lymphocyte counts did not differ between groups. Laboratory tests at 
baseline demonstrated higher serum aspartate aminotransferase (AST), 
creatine kinase (CK), and creatinine levels in the control group without 
reaching statistical significance. 

3.2. Study endpoints 

We performed univariable and multivariable analyses using death 
as the primary endpoint and HR with 95% CI observed for candidate 
variables are illustrated in Table 3. 

In the univariable analysis, patient mortality was significantly as-
sociated with age (HR 1.06, 95% CI 1.01–1.10; P = 0.004 per addi-
tional year) but not male sex or a positive tobacco smoking history, 
either past or active, compared to non smokers. The Charlson co-
morbidity index significantly correlated with mortality (HR 1.42, 95% 
CI 1.20–1.67; P < 0.001 per additional point). Mortality was sig-
nificantly influenced by a 1% increase in baseline oxygen saturation 

(HR 0.92, 95% CI 0.85–0.99; P = 0.22). The use of non invasive me-
chanical ventilation (HR 4.94, 95% CI 1.49–16.35; P = 0.009) and 
invasive ventilation (HR 8.14, 95% CI 2.31–28.7; P = 0.001) compared 
to a reservoir mask at baseline but not hydroxychloroquine, direct an-
tivirals, glucocorticoids, or azithromycin were significantly associated 
with mortality. Among biochemical indices, higher aspartate amino-
transferase (per 25 U/mL increase), d-dimer (per 1000 ng/mL increase), 
creatinine (per 1 mg/dl increase), and CRP levels directly correlated 
with mortality. 

The use of tocilizumab and variables obtained from the univariable 
comparisons were included in the multivariable analysis which de-
monstrated that death was significantly associated with the Charlson 
comorbidity index (HR 1.46, 95% CI 1.21–1.76; P < 0.001), the need 
use of non invasive mechanical ventilation (HR 3.59, 95% CI 
1.06–12.01; P = 0.039) and invasive ventilation (HR 9.50, 95% CI 
2.67–33.85; P = 0.001) compared to a reservoir mask. The use of to-
cilizumab was not associated with a different risk of death over 30 days, 
as shown by the Kaplan-Meier curves in Fig. 1. As we observed that 
mortality at 5 days was equal in the two groups, and noticing that the 
effect of tocilizumab surged after some days (i.e. the nadir of CRP), we 
performed a post hoc analysis to compare death occurring between days 
6 and 30 and observed a significant difference between groups, with a 
HR of 0.41 associated with tocilizumab (95% CI 0.17–0.96, P = 0.039). 

Clinically relevant secondary outcomes, including the need for 

Table 1 
Demographic and clinical baseline characteristics of patients. Continuous 
variables are expressed as mean (standard deviation).        

Total  
(N = 128) 

Tocilizumab  
(n = 64) 

Controls  
(n = 64) 

P value  

Men (n) 94 (73%) 47 (73%) 47 (73%) 1 
Age (years) 63 (10) 63 (12) 64 (8) 0.993 
Time since symptom 

onset (days) 
11 (6) 13 (5) 9 (5) <0.0001 

BMI (kg/m2) 30 (6) 30 (6) 30 (7) 0.682   
Smoking    0.130  
- None 76 (74%) 33 (67%) 43 (80%)   
- Past 21 (20%) 14 (29%) 7 (13%)   
- Active 6 (6%) 2 (4%) 4 (7%)  

Charlson comorbidity 
index 

2.4 (1.6) 2.2 (1.4) 2.7 (1.7) 0.176 

Arterial hypertension 66 (52%) 33 (52%) 33 (52%) 1 
Tympanic temperature 

(°C) 
37.1 (0.6) 37.0 (0.56) 37.2 (0.6) 0.144 

Respiratory function     
SpO2 (%) 93 (4) 93 (4) 93 (5) 0.464 
PaO2:FiO2 94 (67) 104 (76) 85 (54) 0.057 
Chest CT (n)    0.924 

Normal 8/78 (10%) 3/35 (9%) 5/43 
(12%)  

ground glass 35/78 
(45%) 

16/35 (46%) 19/43 
(44%)  

consolidation 27/78 (5%) 13/35 (37%) 14/43 
(33%)  

bilateral infiltrates 8/78 (10%) 3/35 (9%) 5/43 
(12%)  

Respiratory support    1 
Low-medium oxygen 

flow 
10 (8%) 5 (8%) 5 (8%)  

High oxygen flow 92 (72%) 46 (72%) 46 (72%)  
Invasive intubation 26 (20%) 13 (20%) 13 (20%)  

Concomitant treatments     
Hydroxychloroquine 113 (90%) 63 (98%) 50 (81%) <0.001 
Direct antiviralsa 103 (80%) 55 (86%) 48 (75%) 0.119 
Glucocorticoids 57 (45%) 31 (48%) 26 (40%) 0.374 
Ceftriaxone 85 (67%) 40 (63%) 45 (70%) 0.414 
Azitromycin 81 (41%) 24 (38%) 28 (44%) 0.517 
Piperacillin/ 

tazobactam 
56 (44%) 29 (46%) 27 (43%) 0.720 

a Direct antivirals include lopinavir/ritonavir or darunavir/cobicistat.  
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invasive ventilation, thrombotic events, major bleeding, and bacterial 
or fungal infections are illustrated in Table 4 in terms of both incidence 
over 30 days in the two groups and HR (95% CI) for tocilizumab vs. 
controls. The use of tocilizumab was associated with a lower risk to 
require invasive ventilation in patients who were not receiving this 
respiratory support at baseline (HR 0.36, 95% CI 0.16–0.83; P = 0.017) 
while not modifying the probability of thrombotic events, bleeding, or 
infections. 

4. Discussion 

Cases of pneumonia of unknown origin were first reported from the 
Hubei Province in China and later defined COVID-19 in association 
with the infection by SARS-coronavirus-2. Approximately 20% of cases 
develop severe respiratory symptoms and possibly need ventilatory 
support with variable mortality rates, in Italy currently estimated to be 
nearly 13% [1], depending on numerous individual factors [22]. Im-
munological alterations associated with different stages of COVID-19 

Table 2 
Biochemical baseline characteristics of patients Continuous variables are expressed as mean ± standard deviation. Upper limit of normal, ULN.        

Total (N = 128) Tocilizumab (n = 64) Controls (n = 64) P value  

Alanine aminotransferase (IU/l) (ULN 51) 64 (60) 60 (46) 68 (75) 0.91 
Aspartate aminotransferase (IU/l) (ULN 51) 67 (70) 57 (38) 83 (99) 0.092 
Creatine kinase (U/ml) (ULN 172) 178 (176) 154 (158) 217 (202) 0.158 
Creatinine (mg/dl) (ULN 1.17) 0.92 (0.36) 0.85 (0.23) 1.01 (0.45) 0.115 
D-dimer (ng/ml) (ULN 500) 4186 (7601) 3801 (6634) 5053 (9623) 0.43 
Ferritin (ng/ml) (ULN 336) 1604 (1201) 1638 (1181) 1488 (1317) 0.49 
Fibrinogen (mg/dl) (ULN 400) 624 (150) 613 (148) 662 (159) 0.41 
Lactate dehydrogenase (IU/l) (ULN 248) 505 (177) 524 (188) 472 (153) 0.36 
C reactive protein (mg/dl) (ULN 0.5) 19.1 (8.6) 19.8 (8.1) 18.1 (9.4) 0.29 
Procalcitonin (ng/ml) (ULN 0.5) 0.34 (0.32) 0.34 (0.30) 0.31 (0.40) 0.25 
Prothrombin time INR (ULN 1.18) 1.14 (0.14) 1.13 (0.11) 1.15 (0.17) 0.82 
Interleukin-6 (pg/ml) 179 (193) 171 (175) 253 (358) 0.94 
Hemoglobin (g/dl) 12.6 (1.5) 12.4 (1.2) 13.0 (1.7) 0.022 
White blood cells (103/μl) 8.7 (3.1) 8.9 (3.0) 8.5 (3.1) 0.69 
Lymphocytes (103/μl) 0.7 (0.4) 0.7 (0.3) 0.7 (0.4) 0.93 
Platelets (103/μl) 285 (118) 301 (117) 265 (119) 0.189 

Table 3 
Univariable and multivariable survival analysis for 30-day mortality. Hazard ratios (HR) are reported with 95% confidence intervals (95% CI); in the case of 
continuous variables, absolute increments corresponding to the HR are specified.        

Univariable analysis Mutivariable analysis  

HR (95% CI) P value HR (95% CI) P value  

Tocilizumab (vs. controls) 0.61 (0.33–1.15) 0.129 0.82 (0.42–1.58) 0.55 
Male sex (vs. female) 1.43 (0.68–2.99) 0.35   
Age (per year) 1.06 (1.01–1.10) 0.004   
Time since symptom onset (per day) 0.97 (0.92–1.03) 0.35   
Fever (per °C) 1.57 (0.93–2.67) 0.091   
BMI (per point) 0.97 (0.91–1.03) 0.29   
Smoke status (vs. no smoke) 

Past 0.87 (0.38–2.00) 0.74   
Active 0.40 (0.05–2.96) 0.37   

Charlson comorbidity index (per point) 1.42 (1.20–1.67) <0.001 1.46 (1.21–1.76) <0.001 
Coronary heart disease 2.38 (0.93–6.10) 0.069   
Chronic obstructive lung disease 2.88 (0.89–9.33) 0.078   
Type II diabetes 1.77 (0.84–3.72) 0.130   
Respiratory status     
Baseline PaO2/FiO2 (per 25) 0.89 (0.78–1.03) 0.125   
Baseline Oxygen support (vs. reservoir mask) 

NIMV 4.94 (1.49–16.35) 0.009 3.59 (1.06–12.10) 0.039 
Invasive ventilation 8.14 (2.31–28.7) 0.001 9.50 (2.67–33.85) 0.001 

Baseline O2 saturation (per 1%) 0.92 (0.85–0.99) 0.022   
Treatments 
Hydroxychloroquine 0.47 (0.20–1.13) 0.093   
Direct antiviral 0.77 (0.37–1.61) 0.49   
Systemic glucocrticoids 1.14 (0.62–2.12) 0.66   
Azithromycin 1.21 (0.66–2.25) 0.54   
Laboratory tests 
Alanine aminotransferase (per 25 IU/mL) 1.15 (0.97–1.37) 0.111   
Aspartate aminotransferase (per 25 IU/mL) 1.19 (1.05–1.35) 0.005   
C-reactive protein (per mg/dL) 1.05 (1.01–1.09) 0.028   
Creatine kinase (per 100 IU/mL) 1.12 (0.89–1.41) 0.33   
Creatinine (per mg/dl) 2.31 (1.17–4.58) 0.016   
D-dimer (per 1000 ng/mL) 1.05 (1.01–1.10) 0.015   
Fibrinogen (per 100 mg/dL) 0.74 (0.55–1.01) 0.061   
Lactate dehydrogenase (per 100 IU/L) 1.12 (0.87–1.45) 0.36   
INR (per 1.00) 3.24 (0.09–108.88) 0.51   
Lymphocytes (per 100/μl 0.32 (0.09–1.11) 0.074   
Platelets (per 105/μl) 0.73 (0.51–1.05) 0.091   
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have been described since the earliest reports, which included the ob-
served significant decrease in the lymphocyte count or the association 
of IL6 levels with disease outcome, suggesting the onset of a cytokine 
release syndrome [23,24]. SARS-coronavirus-2 in a subgroup of pa-
tients, mainly in aged subjects, trigger a vigorous inflammatory re-
sponse, as represented by IL-6 levels, unbalanced by a rapid type I and 
III interferon, which would be crucial for virus clearance and is ge-
netically determined [25–27]. These observations have prompted the 
use of available anti-rheumatic drugs, particularly tocilizumab, to treat 
COVID-19 [28]. Tocilizumab is a humanized monoclonal antibody di-
rected at the interleukin-6 receptor and is widely used to treat rheu-
matoid arthritis and giant-cell arteritis; in the case of COVID-19, it was 
first used in 21 Chinese patients in critical conditions with remarkable 
improvements [29]. Since these first reports, IL-6 blockade strategy has 
been applied to treat other COVID-19 patients, including Italian pa-
tients in different areas of the Country, with conflicting results which 
led to a multicenter phase II clinical trial (ClinicalTrials.gov Identifier: 
NCT04317092) designed without a randomization and with broader 
inclusion criteria compared to the present study and a retrospective 
case-control study from Campochiaro and Colleagues failed to identify 
an advantage in survival [10]. 

Our data shows that the use of tocilizumab was not associated with 
a significant change the mortality rate at 30 days of patients with severe 
COVID-19 acute respiratory distress syndrome with hyperinflamma-
tion, after correction for pre-existing comorbidities and the need for 
respiratory support. These results are similar using different methods 
(i.e. survival analysis). Furthermore, a post hoc survival analysis 

between day 6 and day 30, following the identical mortality rates be-
tween groups until day 5 (when we also observed the nadir of CRP 
levels in the tocilizumab group), suggested that patients may sig-
nificantly benefit from tocilizumab. We should note that these ob-
servations follow reports from single-center smaller studies with a 
shorter observation period and often with a limited use of controls 
[7–9]. 

We are aware of the strengths and weaknesses of the present study. 
Among the former, this is the first controlled study on a large number of 
patients with COVID-19 either receiving or potentially eligible for to-
cilizumab based on well-defined criteria for acute respiratory distress 
syndrome and signs of inflammation, with a significantly larger number 
of treated patients and matched controls compared to the published 
reports [8,9]. The matching criteria, furthermore, allowed to identify a 
control group which is comparable to the tocilizumab group and which 
could have been treated with tocilizumab if this had been widely 
available. Third, the study was performed in two Centers belonging to 
the same group, thus allowing a more uniform clinical management of 
patients in terms of indication for other medical treatments and venti-
latory support. Fourth, the baseline differences between the two groups, 
which may have influenced the results, were either of negligible clinical 
relevance, as in the case of hemoglobin levels, or failed to prove sig-
nificant in our univariable analysis, such as symptom duration. In this 
latter case, we should also note that patients receiving TCZ had a 2-day 
lag due to the delay in drug supply thus reducing the average differente 
in disease duration between groups. 

Among weaknesses, the retrospective design of the study is pre-
dominant, but we should also be aware that the numerosity of the study 
population and the rigorous matching criteria allow to support our 
conclusions. Second, patients in the two groups differed for the use of 
hydroxychloroquine, but the univariable analysis demonstrated that no 
medical therapy correlated with mortality. Third, we may also hy-
pothesize that the patients included in this study may have been too 
compromised to benefit from IL-6 modulation and we could not de-
termine whether the limited occurrence of invasive ventilation may 
have been secondary to the allocation of the limited intensive care re-
sources. It will be crucial to determine the immunological timeline of 
COVID-19 to ascertain the likely narrow window of opportunity for 
immunomodulatory treatments and achieve a more personalized 
treatment, as numerous authors have proposed that COVID-19 results 
from different immune mechanisms [30,31]. Fourth, our study did not 
account for potential genetic factors pointing at a different response to 
tocilizumab [27,32] despite the most recent genome-wide association 
data not yielding suggestive results [33], nor investigated a broader 
spectrum of immune activation markers or cytokines [34]. 

In conclusion, our data from a retrospective controlled study sup-
port that tocilizumab is not effective in modifying the 30-day mortality 
of patients with severe and critical COVID-19 with hyperinflammation 
while survival is significantly linked to comorbidities and the required 
respiratory support. Tocilizumab, on the other hand, led to a sig-
nificantly better survival of patients who were alive after 5 days while 
reducing the risk of invasive ventilation over 30 days. No clear effect of 
tocilizumab was measured also on secondary outcome such as bleeding, 
thrombosis or infections. Prospective controlled randomized clinical 

Fig. 1. Survival curves in patients with COVID-19 receiving tocilizumab (red) 
and those not receiving the drug (blue) are represented using Kaplan-Meier 
estimates. Data are censored at 30 days. Of note, after observing the CRP de-
crease by day 5 and the lack of differences between the two groups in the first 5 
days of observation, we performed a post-hoc analysis which provided a hazard 
ratio for death occurring between days 6 and 30 of 0.41 (95% CI 0.17–0.96, 
P = 0.039) for TCZ vs controls. (For interpretation of the references to colour in 
this figure legend, the reader is referred to the Web version of this article.) 

Table 4 
Raw outcomes observed at 30 days. Chi-square and hazard ratios with 95% confidence intervals were reported for adverse events in tocilizumab vs. control groups. 
Intubation refers only to patients who were not intubated at baseline (n = 102); bleeding includes clinically relevant events that lead to diagnostic or therapeutic 
decision; thrombosis includes pulmonary embolism or deep vein thrombosis.         

Outcome Total (N = 128) Tocilizumab (n = 64) Controls (n = 64) P value HR (95% CI) P value  

Death 41 (32%) 17 (27%) 24 (38%) 0.185 0.61 (0.33–1.15) 0.129 
Intubation 38 (34%) 9 (17%) 29 (48%) 0.001 0.36 (0.16–0.83) 0.017 
Thrombosis 23 (18%) 12 (19%) 11 (17%) 0.82 0.89 (0.39–2.06) 0.79 
Bleeding 19 (15%) 11 (17%) 8 (13%) 0.46 1.17 (0.47–2.92) 0.73 
Infection 45 (35%) 20 (31%) 25 (39%) 0.36 0.71 (0.38–1.32) 0.28 
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trials are expected to determine whether IL-6 receptor blocking with 
tocilizumab may still be considered as an anti-inflammatory treatment 
for COVID-19 and further research should focus on the best timing for 
treatment. 

Declaration of competing interest 

None relevant to this manuscript. 

Acknowledgements 

The list of participants of the Humanitas and Gavazzeni COVID-19 
Task Forces is provided as supplementary material. The authors are 
particularly grateful to Edoardo Baccalini, Cecilia Assunta Bonfiglio, 
Chiara Ceriani, Filippo Chersi, Paolo De Sanctis, Marco Di Maio, Gaia 
Gambillara, Rossana Lamastra, Elisa Lanzio, Giada Malgrati, Tiziana 
Mondello, Chiara Palandri, Ginevra Randon for their most precious help 
in collecting the relevant clinical data. Further acknowledgements go to 
the support of Patrizia Meroni, Chiara Oggioni, Piermario Morandini, 
Giovanni Angelotti, and Victor Savevski. 

Appendix A. Supplementary data 

Supplementary data to this article can be found online at https:// 
doi.org/10.1016/j.jaut.2020.102511. 

References 

[1] Dashboard by the Center for Systems Science and Engineering (CSSE) at Johns 
Hopkins, (2020). 

[2] D. Zhao, F. Yao, L. Wang, L. Zheng, Y. Gao, J. Ye, et al., A comparative study on the 
clinical features of COVID-19 pneumonia to other pneumonias, Clin. Infect. Dis. 
(2020), https://doi.org/10.1093/cid/ciaa247. 

[3] F. Zhou, T. Yu, R. Du, G. Fan, Y. Liu, Z. Liu, et al., Clinical course and risk factors for 
mortality of adult inpatients with COVID-19 in Wuhan, China: a retrospective co-
hort study, Lancet 395 (2020) 1054–1062. 

[4] C. Huang, Y. Wang, X. Li, L. Ren, J. Zhao, Y. Hu, et al., Clinical features of patients 
infected with 2019 novel coronavirus in Wuhan, China, Lancet 395 (2020) 
497–506. 

[5] X. Chen, B. Zhao, Y. Qu, Y. Chen, J. Xiong, Y. Feng, et al., Detectable serum SARS- 
CoV-2 viral load (RNAaemia) is closely correlated with drastically elevated inter-
leukin 6 (IL-6) level in critically ill COVID-19 patients, Clin. Infect. Dis. (2020), 
https://doi.org/10.1093/cid/ciaa449. 

[6] M. Aziz, R. Fatima, R. Assaly, Elevated interleukin-6 and severe COVID-19: a meta- 
analysis, J. Med. Virol. (2020), https://doi.org/10.1002/jmv.26085. 

[7] P. Luo, Y. Liu, L. Qiu, X. Liu, D. Liu, J. Li, Tocilizumab treatment in COVID-19: a 
single center experience, J. Med. Virol. 92 (7) (2020) 814–818. 

[8] M. Colaneri, L. Bogliolo, P. Valsecchi, P. Sacchi, V. Zuccaro, F. Brandolino, et al., 
Tocilizumab for treatment of severe COVID-19 patients: preliminary results from 
SMAtteo COvid19 REgistry (SMACORE), Microorganisms 8 (2020). 

[9] L. Quartuccio, A. Sonaglia, D. McGonagle, M. Fabris, M. Peghin, D. Pecori, et al., 
Profiling COVID-19 pneumonia progressing into the cytokine storm syndrome: re-
sults from a single Italian Centre study on tocilizumab versus standard of care, J. 
Clin. Virol. 129 (2020) 104444in press. 

[10] C. Campochiaro, E. Della-Torre, G. Cavalli, G. De Luca, M. Ripa, N. Boffini, et al., 
Efficacy and safety of tocilizumab in severe COVID-19 patients: a single-centre 
retrospective cohort study, Eur. J. Intern. Med. 76 (2020) 43–49. 

[11] C.D. Russell, J.E. Millar, J.K. Baillie, Clinical evidence does not support corticos-
teroid treatment for 2019-nCoV lung injury, Lancet 395 (2020) 473–475. 

[12] J. Geleris, Y. Sun, J. Platt, J. Zucker, M. Baldwin, G. Hripcsak, et al., Observational 
study of hydroxychloroquine in hospitalized patients with covid-19, N. Engl. J. 

Med. 382 (25) (2020) 2411–2418. 
[13] A. Aouba, A. Baldolli, L. Geffray, R. Verdon, E. Bergot, N. Martin-Silva, et al., 

Targeting the inflammatory cascade with anakinra in moderate to severe COVID-19 
pneumonia: case series, Ann. Rheum. Dis. (2020), https://doi.org/10.1136/ 
annrheumdis-2020-217706. 

[14] G. Cavalli, G. De Luca, C. Campochiaro, E. Della Torre, M. Roipa, D. Canetti, et al., 
Interleukin-1 blockade with high-dose anakinra in patients with COVID-19, acute 
respiratory distress syndrome, and hyperinflammation: a retrospective cohort 
study, Lancet Rheumatology (2020) e325–e331 In press. 

[15] F. Cantini, L. Niccoli, D. Matarrese, E. Nicastri, P. Stobbione, D. Goletti, Baricitinib 
therapy in COVID-19: a pilot study on safety and clinical impact, J. Infect. (2020), 
https://doi.org/10.1016/j.jinf.2020.04.017. 

[16] B. Cao, Y. Wang, D. Wen, W. Liu, J. Wang, G. Fan, et al., A trial of lopinavir- 
ritonavir in adults hospitalized with severe covid-19, N. Engl. J. Med. 382 (2020) 
1787–1799. 

[17] G. Grasselli, A. Pesenti, M. Cecconi, Critical care utilization for the COVID-19 
outbreak in Lombardy, Italy: early experience and forecast during an emergency 
response, J. Am. Med. Assoc. (2020), https://doi.org/10.1001/jama.2020.4031. 

[18] N. Chen, M. Zhou, X. Dong, J. Qu, F. Gong, Y. Han, et al., Epidemiological and 
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in Wuhan, 
China: a descriptive study, Lancet 395 (2020) 507–513. 

[19] S.M. Brown, A. Duggal, P.C. Hou, M. Tidswell, A. Khan, M. Exline, et al., Nonlinear 
imputation of PaO2/FIO2 from SpO2/FIO2 among mechanically ventilated patients 
in the ICU: a prospective, observational study, Crit. Care Med. 45 (2017) 
1317–1324. 

[20] S.M. Brown, C.K. Grissom, M. Moss, T.W. Rice, D. Schoenfeld, P.C. Hou, et al., 
Nonlinear imputation of pao2/fio2 from spo2/fio2 among patients with acute re-
spiratory distress syndrome, Chest 150 (2016) 307–313. 

[21] M.E. Charlson, P. Pompei, K.L. Ales, C.R. MacKenzie, A new method of classifying 
prognostic comorbidity in longitudinal studies: development and validation, J. 
Chron. Dis. 40 (1987) 373–383. 

[22] S.W.X. Ong, B.E. Young, Y.S. Leo, D.C. Lye, Association of higher body mass index 
(BMI) with severe coronavirus disease 2019 (COVID-19) in younger patients, Clin. 
Infect. Dis. (2020), https://doi.org/10.1093/cid/ciaa548. 

[23] C. Zhang, Z. Wu, J.W. Li, H. Zhao, G.Q. Wang, The cytokine release syndrome (CRS) 
of severe COVID-19 and Interleukin-6 receptor (IL-6R) antagonist Tocilizumab may 
be the key to reduce the mortality, Int. J. Antimicrob. Agents (2020) 105954. 

[24] Y. Rodríguez, L. Novelli, M. Rojas, M. De Santis, Y. Acosta-Ampudia, 
D.M. Monsalve, et al., Autoinflammatory and autoimmune conditions at the 
crossroad of COVID- 19, J. Autoimmun. (2020) 102506, , https://doi.org/10.1016/ 
j.jaut.2020.102506 In press. 

[25] T. Yoshikawa, T.E. Hill, N. Yoshikawa, V.L. Popov, C.L. Galindo, H.R. Garner, et al., 
Dynamic innate immune responses of human bronchial epithelial cells to severe 
acute respiratory syndrome-associated coronavirus infection, PloS One 5 (2010) 
e8729. 

[26] D. Blanco-Melo, B.E. Nilsson-Payant, W.C. Liu, S. Uhl, D. Hoagland, R. Moller, et al., 
Imbalanced host response to SARS-CoV-2 drives development of COVID-19, Cell 
181 (2020) 1036–10345 e9. 

[27] J.C. Galicia, H. Tai, Y. Komatsu, Y. Shimada, K. Akazawa, H. Yoshie, 
Polymorphisms in the IL-6 receptor (IL-6R) gene: strong evidence that serum levels 
of soluble IL-6R are genetically influenced, Gene Immun. 5 (2004) 513–516. 

[28] B. Liu, M. Li, Z. Zhou, X. Guan, Y. Xiang, Can we use interleukin-6 (IL-6) blockade 
for coronavirus disease 2019 (COVID-19)-induced cytokine release syndrome 
(CRS)? J. Autoimmun. (2020) 102452. 

[29] X. Xu, M. Han, T. Li, W. Sun, D. Wang, B. Fu, et al., Effective treatment of severe 
COVID-19 patients with tocilizumab, Proc Natl Acad Sci U S A, 2020. 

[30] E.J. Giamarellos-Bourboulis, M.G. Netea, N. Rovina, K. Akinosoglou, 
A. Antoniadou, N. Antonakos, et al., Complex immune dysregulation in COVID-19 
patients with severe respiratory failure, Cell Host Microbe 27 (6) (2020) 992–1000. 

[31] M. Merad, J.C. Martin, Pathological inflammation in patients with COVID-19: a key 
role for monocytes and macrophages, Nat. Rev. Immunol. 20 (7) (2020) 448. 

[32] A. Rantala, T. Lajunen, R. Juvonen, S. Silvennoinen-Kassinen, A. Peitso, O. Vainio, 
et al., Association of IL-6 and IL-6R gene polymorphisms with susceptibility to re-
spiratory tract infections in young Finnish men, Hum. Immunol. 72 (2011) 63–68. 

[33] D. Ellinghaus, F. Degenhardt, L. Bujanda, M. Buti, A. Albillos, P. Invernizzi, et al., 
Genomewide association study of severe covid-19 with respiratory failure, N. Engl. 
J. Med. (2020), https://doi.org/10.1056/NEJMoa2020283. 

[34] F. Wang, H. Hou, Y. Luo, G. Tang, S. Wu, M. Huang, et al., The laboratory tests and 
host immunity of COVID-19 patients with different severity of illness, JCI Insight 5 
(2020).  

L.M. Canziani, et al.   Journal of Autoimmunity 114 (2020) 102511

6

https://doi.org/10.1016/j.jaut.2020.102511
https://doi.org/10.1016/j.jaut.2020.102511
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref1
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref1
https://doi.org/10.1093/cid/ciaa247
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref3
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref3
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref3
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref4
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref4
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref4
https://doi.org/10.1093/cid/ciaa449
https://doi.org/10.1002/jmv.26085
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref7
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref7
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref8
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref8
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref8
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref9
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref9
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref9
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref9
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref10
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref10
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref10
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref11
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref11
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref12
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref12
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref12
https://doi.org/10.1136/annrheumdis-2020-217706
https://doi.org/10.1136/annrheumdis-2020-217706
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref14
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref14
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref14
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref14
https://doi.org/10.1016/j.jinf.2020.04.017
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref16
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref16
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref16
https://doi.org/10.1001/jama.2020.4031
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref18
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref18
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref18
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref19
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref19
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref19
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref19
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref20
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref20
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref20
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref21
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref21
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref21
https://doi.org/10.1093/cid/ciaa548
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref23
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref23
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref23
https://doi.org/10.1016/j.jaut.2020.102506
https://doi.org/10.1016/j.jaut.2020.102506
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref25
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref25
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref25
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref25
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref26
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref26
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref26
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref27
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref27
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref27
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref28
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref28
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref28
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref29
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref29
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref30
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref30
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref30
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref31
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref31
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref32
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref32
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref32
https://doi.org/10.1056/NEJMoa2020283
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref34
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref34
http://refhub.elsevier.com/S0896-8411(20)30133-5/sref34

